WHAT'S KNOWN ON THIS SUBJECT: Skin and soft tissue infections (SSTIs) are a common pediatric condition often requiring inpatient management. Several studies describe recent increases in hospitalizations due to SSTIs.
Therisingincidenceofskinandsofttissue infections (SSTIs) and accompanying rise in drug-resistant pathogens witnessed in the past decade represent an emerging health problem, 1 with ramifications extending across the health care spectrum. The term SSTI encompasses a variety of processes with suppurative noninvasive microbial infection inducing a host response that can vary from local to systemic symptoms. 2, 3 Although most SSTIs can be managed in the outpatient setting, a subset requires inpatient care. National US data have demonstrated increased rates of SSTIs in the ambulatory setting 1, 4, 5 as well as increased hospitalizations 6, 7 with an increasing proportion due to methicillin-resistant Staphylococcus aureus (MRSA). 8 As additional evidence of this growing concern, SSTIs went from the 21st most common pediatric discharge in 1997 to ninth most common in 2009. 9 Although numerous studies have reported the evolving epidemiology of SSTIs, few have assessed resource utilizationforSSTIhospitalizations.Aregional pediatric health plan study found that cellulitis and abscesses rose locally from fifth to second place for inpatient expenses from 2001 through 2004. 10 A recent study described the high and rising costs associated with SSTI hospitalizations nationally but included medically complex children and children with invasive diease. 11 Inclusion of these subgroups may inaccurately inflate SSTI resource utilization attributable to the general pediatric population. A paucity of resource utilization data in SSTIs exists among healthy children. Knowledge of SSTI trends and changes in resource utilization among healthy children will yield new insights regarding the scope of this pediatric public health problem and potentially provide direction for standardization of care and preventive strategies. The objective of this study was to describe national trends in pediatric SSTI hospital resource utilization including length of stay (LOS), charges, and performance of incision and drainage (I&D) procedures.
METHODS

Study Design and Data Source
This was a cross-sectional analysis of pediatric hospitalizations in the United States using the 1997-2009 Kids' Inpatient Database (KID) maintained by the Agency for Healthcare Research and Quality as part of the Healthcare Resource Utilization Project (HCUP). 12 This database is the only pediatric inpatient database including data from all payers and multiple hospital types and contains information on patient demographics, hospital characteristics, diagnoses, procedures, and resource utilization including LOS and total charges. Data sets have been released every 3 years, beginning in 1997. All currently released data sets (1997, 2000, 2003, 2006, 2009) were analyzed. The Institutional Review Board at Baylor College of Medicine approved the study.
Study Participants
Patients #18 years of age with a primary diagnosis of SSTI were identified by using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) discharge codes (Appendix 1). Patients with a secondary diagnosis of invasive disease defined as bacteria in normally sterile bodily fluids (eg, bacteremia, sepsis, myositis, urinary tract infection, meningitis, necrotizing fasciitis, endocarditis, osteomyelitis) were excluded 13 (Appendix 2), as were patients with chronic medical comorbidities 14 as defined by previous HCUP KID studies. 15 
Dependent Variables
The primary outcomes were proportion of SSTI hospitalizations among all pediatric hospitalizations, LOS, charges, and performance of I&D. LOS was determined by subtracting the admission date from the discharge date. Hospital charge information was collected as the total amount charged by the hospital. Performance of an I&D was based on ICD-9-CM procedural code 86.0 and includes an I&D performed at any point during the hospital course included in the discharge record.
Independent Variables
Patient characteristics included age, gender, race/ethnicity, payer type, and household income. Age was divided into ,1 year (infant), 1 to 4 years (preschool age), 5 to 12 years (school age), and 13 to 18 years (adolescence). Racial/ethnic data collected by hospitals were categorized as white, African American, Hispanic, or other. Household income was based on median household income quartiles according to patient zip code. Payer types in KID were classified as private, public (Medicaid and other government programs), and other (uninsured). Hospital characteristics included region, hospital size, teaching status, and hospital ownership. 16 Region was categorized as defined in KID: Northeast, Midwest, South, and West. Hospital size was defined as small, medium, and large based on number of hospital beds with approximately one-third of the hospitals in a given region, location, and teaching status in each bed size category. 16 Hospitals were categorized as teaching/ urban and nonteaching/urban. Hospital ownership included children' s general hospital, children' s unit in a general hospital, and hospitals not identified as children' s hospital by the National Association of Children' s Hospitals and Related Institutions hospital type. 16 
Analysis
Data were weighted to estimate national numbers by using the appropriately scaled weights provided by HCUP. 16 Weighting within each study ARTICLE year accounted for hospital strata, clustering, and the volume of hospitals within each data set. We performed analyses by using SAS 9.2 (SAS Institute, Inc; Cary, NC). Summary statistics were performed to determine means and proportions. Trends in number of hospitalizations, LOS, charges, and number of I&D were assessed by using weighted multivariate linear regression in a merged data set with survey year as the principal predictor variable. In addition to SSTIs, trend data were also collected for all pediatric hospitalizations to differentiate changes attributable to SSTIs versus global trends in pediatric hospitalizations. SSTI resource utilization was also compared with asthma and pneumonia as references for changes in common pediatric con- Weighted multivariate logistic regression was conducted with the 2009 data to determine current factors associated with performance of I&D. Independent variables examined in both multivariate linear and logistic regression consisted of age, gender, race, insurance, income quartile, region, hospital bed size, teaching status, hospital type, and admission day. Data on race/ ethnicity was missing for 25%, 13%, 23%, 23%, and 15% of discharges in years 1997, 2000, 2003, 2006 , and 2009, respectively. Such discharges were classified as unknown race/ethnicity, and this group was controlled for in the analysis. Results for logistic regression were reported as odds ratios (OR) with 95% confidence intervals (CI).
RESULTS
Demographics of the patients and hospitals are shown in Table 1 . A shift in increasing SSTI hospitalizations was seen in infants and preschool-age children and public payers.
Trends in Hospitalizations and Resource Utilization
General
The weighted number of SSTI pediatric hospitalizations more than doubled during the study period with an increase from 460 per 100 000 in 1997 to 1010 per 100 000 in 2009 ( Table 2) . Mean LOS for SSTI hospitalizations decreased from 3.11 days in 1997 to 2.71 days in 2009 (P , .01; Table 3 ). LOS for asthma and pneumonia also decreased (2.48 to 2.19 and 3.67 to 3.42, P , .01, respectively). During this same period, mean LOS for all hospitalizations increased from 3.42 to 3.72 (P , .01). Mean Consumer Price Index-adjusted hospital charges for SSTIs increased from $6722 in 1997 to $11 534 in 2009 (P , .01; Table 3 ). Charges for asthma, pneumonia, and all KID hospitalizations also increased over the 12 years ( 18 This is potentially due to crowded living conditions in families from a lower socioeconomic status. 18 With a continued focus on areas of high resource burden, additional efforts are needed to identify factors responsible for increased hospital admissions in the publicly insured.
Notabletrendswerealsofoundaccording to age. Our study reveals a growing number of hospitalizations from 2000 to 2009 in the infant and preschool-age groups. Although we did not have access to microbiological data, a recent pediatric inpatient study demonstrated an increase in SSTIs attributable to MRSA 8 and raises the question of whether the rise in hospitalizations in the infant and preschool-age children is also due to MRSA. A study based on Centers for Disease Control and Prevention surveillance data found that ca-MRSA was more common in persons ,2 years of age compared with those .2 years of age, 19 and a study of day-care centers found their MRSA rates to be comparable to long-term care facilities and rehabilitation centers. 20 These increased rates of ca-MRSA in the youngest cohorts likely contributed to the increased hospitalizations seen over time. Additionally, younger children are more likely to require sedation for I&D of abscesses, 21 and this likely drives an increased need for hospitalization in this group. The rise in SSTIs in infants and preschool-age children demonstrated in our study suggests a need for additional targeted intervention efforts in younger children to address the increasing burden of SSTI hospitalizations.
Overall, our study demonstrated a substantial rise in SSTI hospitalizations relative to other patterns among pediatric hospitalizations. Over a 13-year span, SSTI hospitalizations doubled from 30 653 to 74 443. During this time, the weighted number of all pediatric hospitalizations rose as well but much less dramatically. Whereas SSTI hospitalizations increased, the weighted proportion of hospitalizations for common conditions requiring inpatient care (asthma and pneumonia) decreased (Table 2 ). These findings within the context of other pediatric hospitalizations suggest that SSTI hospitalizations are following a unique pattern rather than global trends in hospitalizations. Furthermore, these results suggest a great potential for SSTI hospitalizations to continue to rise as a common cause of pediatric hospitalizations.
With the increases in SSTI hospitalizations, trends in LOS warrant additional exploration to fully evaluate resource utilization. Several factors may explain why LOS decreased over the 13-year span of our study. First, changes in management may have reduced LOS. In our study, we demonstrated more I&Ds over time, which may reflect changes in practice that in turn reduced LOS. Second, research efforts in the past decade have also been responsible for improved recognition of the MRSA pathogen, 22 which may also have reduced LOS. 23 Third, the trend in shorter LOS for SSTIs may be following more global trends in LOS for common pediatric diagnoses. In our study, decreased LOS was also described for pneumonia and asthma, whereas LOS for all hospitalizations overall increased. This may be related to longer LOS in children with complex conditions 15 reflected in "all hospitalizations." A previous study demonstrated a trend toward shorter hospital stays (0-1 night) in the most common pediatric diagnoses including asthma and pneumonia. 24 This trend in reduced number of hospital days is possibly related to increased utilization of clinical guidelines for common pediatric diagnoses. As SSTIs has increasingly become a common pediatric inpatient diagnosis, duration of stay may be decreasing due to use of clinical guidelines as well. 25 The improvement in LOS is noteworthy in the context of otherwise increased resource utilization observed in SSTI hospitalizations.
Our study found increased charges for SSTI hospitalizations despite adjustments for inflation. These findings are consistent with those from previous studies. 8, 10, 11 An increase in I&D procedures may be responsible for a portion of the increase in charges seen in SSTIs. However, more global factors are also likely driving charge increases given the changes seen across asthma, pneumonia, and all hospitalizations from 1997 to 2009.
One of the major findings in our study is the large increase in the number of I&Ds performed in 2009 compared with 1997. This change in practice is likely due to more abscesses in the ca-MRSA era. In the ICD-9-CM coding system, "cellulitis and abscess" are classified as the same condition. However, recent evidence supports an increased clinical presentation of abscesses versus other presentations of SSTIs in 2007 compared with 1997. 5 Given the dramatic increase in I&Ds seen in our study, we studied factors associated with performance of I&D. Our study showed an inverse association with age and I&D as well as an association with African American race and uninsured children. The reason for the greater number of I&Ds in the youngest age category of 0 to 1 is unclear. As mentioned earlier, there is an association between ca-MRSA and children ,2 years of age, 19 which is likely responsible for increased number of abscesses 5 requiring I&D.
Our study also described increased I&D in African American children, as well as children from lower socioeconomic classes. These results must be interpreted with caution given that race/ ethnicity was missing for a proportion of the population throughout the study years. However, even when controlling for missing race/ethnicity data, small but statistically significant disparities were found. The reason for these disparities is uncertain because 26 or other factors that may render them more susceptible hosts (eg, poor nutritional status). After presentation, it is possible that poor and minority children may have had delays in I&D or received less effective antibiotics than white or more affluent children. Additional clinical data and more complete data on race/ethnicity would allow for better elucidation of the relationship between these socioeconomic disparities and I&D.
There were methodological limitations to our study. Although HCUP KID is considered to provide a representative sample of pediatric hospitalizations, discharge information is only released every 3 years and originated from a limited number of states in early years. Use of weighted numbers in analysis as done in our study accounts for most selection bias. HCUP KID does not contain unique patient identifiers or record linkages, thereby preventing analysis of utilization according to detailed patient characteristics and severity of illness. It is also possible that 1 patient contributed to multiple discharges. HCUP KID does not provide data on microbiology or medication administration. Therefore, we could not assess the specific impact of MRSA and medication choices on our outcomes, which have been shown to affect LOS and charges in adult literature. 27 Cost data across all study years were not evaluated because cost to charge ratio files are unavailable through HCUP for all study years. Lastly, because HCUP KID is an administrative database, our study has the limitations inherent to using such data sources, including coding errors, missing variables such as race, and misclassifications.
CONCLUSIONS
Pediatric SSTI hospitalizations are responsible for significant and growing resource utilization. Not only have the numbers of SSTI hospitalizations increased, the number of I&Ds have also risen rapidly. According to this work, potential areas of focus for pediatric and public health stakeholders include infant and preschool-age groups, the African American population, and publicly and uninsured children. SSTI disease requires the continued attention of the pediatric community, and factors such as age, race, and socioeconomic status warrant additional epidemiologic study because trends suggest the burden attributable to this disease will continue to escalate.
